Controversy exists concerning the best management of patients with coronary artery and carotid artery disease. Between June 1994 and July 2000, 88 patients with coronary artery and carotid artery disease underwent combined coronary artery surgery and carotid endarterectomy. Demographics and perioperative variables of these patients were compared with those of 266 patients undergoing isolated coronary artery surgery. Patients in the combined coronary artery bypass grafting and carotid endarterectomy group were elderly patients (p=0.0001) with a higher prevalence of female gender (p=0.0001), left ventricular dysfunction (p=0.006), left main coronary artery disease (p=0.033), triple-vessel coronary artery disease (p=0.002), unstable angina pectoris (p=0.004), and history of prior neurologic events (p=0.0001). Three (3.4%) patients in the combined group and 5 (1.9%) patients in the isolated coronary artery surgery group (p=0.317) developed perioperative myocardial infarction. Two (2.3%) patients in the combined group developed a permanent postoperative neurologic event. Hospital mortality was 5.7% (5 patients) in the combined coronary artery bypass grafting and carotid endarterectomy group and 1.5% (4 patients) in the isolated coronary artery surgery group (p=0.046).
gical management of these patients is not well documented.
The presence of significant atherosclerotic extracranial cerebrovascular disease has been reported as a major risk factor for perioperative stroke in cardiac surgical patients. 1, 4) Likewise carotid endarterectomy (CEA) done in patients with severe untreated coronary artery disease has been associated with high perioperative myocardial infarction rates. [5] [6] [7] Because the benefit of CEA in both significant asymptomatic and symptomatic carotid disease has been clearly demonstrated, surgical intervention to the coexisting carotid artery disease in coronary bypass patients is strongly advisable. 8, 9) Treatment options for the management of patients with concomitant disease include combined CEA and coronary artery bypass grafting (CABG), CEA followed by CABG (staged), and CABG followed by CEA (reversed staged).
We report the early results from our experience with combined operative treatment of concomitant coronary and carotid artery occlusive disease over a 5-year period.
PATIENTS AND METHODS
Patients: From a population of 4523 consecutive patients undergoing CABG at our institution between June 1994 and July 2000, 88 patients (1.95%) with coronary artery disease and carotid artery disease underwent combined CABG and CEA. Fifty-eight were male and 30 were female. The mean age was 66.36±6.72 years. In our routine, noninvasive carotid artery examination (Doppler ultrasonography) was performed in all CABG patients with a history of transient ischemic attack, amaurosis fugax, reversible ischemic neurologic deficit, stroke, or other central nervous system complaints suggestive of extracranial cerebrovascular disease, 50% or greater left main coronary disease, presence of audible carotid bruits, evidence of other extensive vascular disease, and patients aged 70 years or older. All patients were identified as having no significant stenosis (<50%), moderate (50% to 70%) to severe (70% to 99%) stenosis or a 100% occlusion of either or both carotid arteries by noninvasive carotid examination. For patients with screening suggestive of a 70% or greater stenosis, selective carotid arteriography was performed. In 88 patients a diameter reduction of more than 70% of the internal carotid artery relative to the normal distal internal carotid artery shown by angiography was demonstrated and a combined carotid and cardiac operation was performed.
The demographics and perioperative variables of these patients were compared with those of 266 randomly selected patients undergoing isolated coronary artery bypass grafting.
The records included demographic profiles (age, gender, diabetes mellitus, In the isolated CABG group, noninvasive carotid artery examination (Doppler ultrasonography) was performed only in patients with left main coronary artery disease (n=15), a prior cerebrovascular event (n=10), peripheral vascular disease (n=32), and advanced age (n=27). Only 4 of these patients had carotid stenosis of 50% to 70%. All of these patients were neurologically asymptomatic. In our practice, patients with a asymptomatic carotid lesion of less than 70% were treated with CABG alone. The indications for a simultaneous procedure were the need for CABG and an ulcerated, unstable carotid lesion regardless of the degree of stenosis. Definitions: Patients with carotid artery occlusive disease were classified by status as symptomatic or asymptomatic. Symptomatic patients included those who had focal, transient neurologic symptoms, amaurosis fugax, or a completed stroke. Asymptomatic patients had no evidence of neurologic findings. Perioperative myocardial infarction was defined as either new Q waves or the elevation of the myocardial fraction of creatine kinase in association with persistent ST segment changes or a new left bundle-branch block. Neurologic complications were divided in two groups; stroke and temporary neurologic dysfunction. Postoperative stroke was defined as any clinically evident focal or general neurologic deficit that was not present before operation but was identified after operation and new lesions diagnosed by computed tomography. Deficit was reported as occurring ipsilateral or contralateral to the CEA. Carotid stroke was defined as a uni-hemispheric stroke ipsilateral to the carotid endarterectomy.
Any patients who had not recovered neurologically from the operation within 48 hours; who were comatose or semicomatose were included in the definition of stroke. Temporary neurologic dysfunction was defined as a transient disorientation, agitation, delirium and character changes with no neurologic sequelae. Operative interventions were classified as elective, urgent, and emergent. Urgent operations were defined as operative procedures performed in patients whose accelerated symptoms prompted urgent hospital admission for evaluation and who were judged to be too unstable to discharge before operative intervention. Emergent operations were undertaken in patients with accelerated symptoms so unstable that immediate operative intervention was required.
Operative mortality was defined as any death that occurred during the hospitalization. Any deaths which occurred after discharge from the hospital but within 30 days of the procedure were included in the term of operative mortality unless the cause was clearly unrelated to the operation. Surgical procedures: Coronary revascularization and CEA procedures were done in all patients in simultaneous fashion under general anesthesia. The same surgeons and operative team performed all procedures. Five electroencephalographic (EEG) leads were placed and EEGS monitored continuously with a Life Scan brain activity monitor (Diatek Patient Management System, Inc., San Diego, CA). In all patients CEAs were performed prior to sternotomy. In case of bilateral internal carotid artery lesions we performed CEA on the side with the higher degree lesion, the side related to neurological symptoms, or the dominant hemisphere. CEA of completely occluded vessels was not performed. During CEA, saphenous veins were prepared. A standard oblique cervical incision was made. After isolation of the common, internal, and external carotid arteries, 2 ml of heparin was administered. Vessels were clamped and an arteriotomy was created in the common carotid artery and extended into the internal carotid artery. Changes in the electroencephalogram pattern after cross clamping that did not respond to an increase in the mean arterial pressure were considered indications for intraluminal shunting. An intraluminal carotid shunt was not needed in any patient. The artery was opened distally beyond the distal extent of the plaque. The plaque was removed in the standard fashion. If the artery was thought to be small, the arteriotomy was closed with a saphenous vein patch. Heparin was not reversed. After completion of the CEA, the neck incision was left open until heparin reversal after CPB. After CEA, CPB was instituted with standard techniques. A membrane oxygenator and roller pump were used in all patients. A dose of bovine heparin of approximately 300 IU/kg was given prior to cannulation. Activated clotting time was maintained at greater than 480 seconds during the procedure. Patients were cooled to a rectal temperature of 28°C, and topical myocardial Vol 42 No 5 cooling was accomplished with pericardial lavage with cold saline solution. During bypass the hematocrit was maintained between 20% and 25%, pump flow rates between 2.0 and 2.5 l/min.m -2 and mean arterial pressure about 65-75 mmHg. Cold blood cardioplegia was used for myocardial protection. Cardioplegia was delivered in an antegrade fashion via the aortic root. In some patients we used retrograde cold blood cardioplegia in association with antegrade cardioplegia. Distal anastomoses were performed with a single aortic cross clamp and proximal anastomoses generally performed with a partial occluding clamp unless there appeared to be severe atherosclerosis of the ascending aorta. In such a situation proximal and distal anastomoses were performed under a single period of cross clamping. Statistical analysis: Statistical analysis was performed using the SPSS (release 7.5; SPSS, Inc; Chicago, IL) system for Windows. Categorical variables were analyzed using the χ 2 or Fisher's exact test and continuous data were analyzed using Student's t test. Associations with outcomes were considered statistically significant when p values were less than 0.05.
RESULTS
Patient demographics and preoperative risk factors of patients undergoing combined CABG and CEA compared with that of isolated CABG patients are shown in Table I . Patients in the CABG+CEA group were elderly patients (p=0.0001) with a higher prevalence of female gender (p=0.0001), hypertension (p=0.006), hyperlipidemia (p=0.026), left ventricular dysfunction (p=0.006), left main coronary artery disease (p=0.033), triple-vessel coronary artery disease (p=0.002), and unstable angina pectoris (p=0.004). More patients in the CABG+CEA group had a history of prior neurologic events than the patients in the isolated CABG group (p=0.0001).
In the CABG+CEA group all patients had significant unilateral carotid artery stenosis on the operated side, and significant contralateral disease was identified in 17 (19.3%). Of these patients, 4 had a total occlusion on the nonoperated side. Left CEA was performed in 11 and right CEA was performed in 6. Saphenous vein patchplasty was used in 23 (26.1%) patients. The mean carotid clamping time was 24.89±5.04 minutes (range from 14 to 38 minutes) ( Table II) .
The operative variables are summarized in Table III . Three (3.4%) patients in the CABG+CEA group developed perioperative myocardial infarction and 5 (1.9%) patients in the isolated CABG group developed perioperative myocardial infarction (p=0.317). There were no episodes of postoperative bleeding from the cervical incision in the CABG+CEA group. Although there was a slight increase in the duration of the intensive care unit stay in the CABG+CEA group, this difference was not statistically significant (p=0.06).
Two (2.3%) patients in the CABG+CEA group developed a permanent postoperative neurologic event. One was due to an embolic infarct contralateral to CEA and the other was in the distribution of vertebral-basilar arteries. There were no carotid strokes in the combined group. In the isolated CABG group, the rate of postoperative permanent neurologic deficit was slightly higher than the CABG+CEA group (8 patients, 3.0%). In this group, the causes of the stroke were embolic in 4 patients, hemorrhagic in 2, and indeterminate in 2 patients. Unscreened patients with a new stroke (n=5) noted postoperatively had a postoperative duplex scan to assess carotid stenosis. Only 1 of these patients had minor insignificant bilateral atherosclerotic lesions. Three other patients had a preoperative duplex scan because of advanced age and a prior cerebrovascular event. None of these patients had carotid artery stenosis. Three of 8 patients with a postoperative stroke had advanced ascending aortic atherosclerosis.
In the isolated CABG group, 4 patients had asymptomatic carotid stenosis of 50% to 70%. None of these patients had postoperative neurologic complications. The postoperative complications are recorded in Table IV. In-hospital mortality was 5.7% (5 patients) in the CABG+CEA group and 1.5% (4 patients) in the isolated CABG group (p=0.046). In the CABG+CEA group the causes of death were primarily cardiac in 3 patients. Two patients had clearly documented fatal perioperative myocardial infarction, and one patient had a low cardiac output state resulting in multiple organ failure without evidence of myocardial infarction. Two deaths not related to cardiac or neurologic complications occurred. One was related to intestinal ischemia and another to pneumonia with subsequent respiratory failure. In the isolated CABG group, 2 in-hospital deaths were due to cardiac reasons and 2 were due to stroke.
DISCUSSION
Although perioperative stroke remains a rare event, it is the most catastrophic complication of cardiac surgery, and leads to excessive morbidity, mortality, and increased health care costs. 10) Potential causes of these perioperative neurologic deficits are multifactorial and include cerebral hypoperfusion, embolization of atheromatous material from an atherosclerotic aorta, thromboembolism from the left ventricle or the left atrium, air embolism, embolization of microaggregates of blood elements formed during CPB, intracranial hemorrhage and the presence of extracranial carotid artery disease. 11, 12) Patients with concomitant cerebrovascular and coronary artery disease represent a subset of higher-risk patients with advanced arteriosclerosis, not only in the coronary and cerebrovascular systems, but also in other areas of the arterial system. In our study, patients in the CABG+CEA group were much more likely to have active cardiac symptoms than those in the CABG alone group. In the CABG+CEA group a significant number of patients had triple-vessel coronary artery disease (68 patients, 77.3%), 12.5% had left main disease and 18.2% had depressed left ventricular function (EF<30%). In addition; the risk factors for atherosclerotic disease included an age exceeding 70 years (43.2%), hypertension (42.0%), hyperlipidemia (40.9%), and peripheral vascular disease (25.0%), and were significantly higher in our CABG+CEA group.
The prevalence of significant carotid disease in the cardiac surgical population reflects the systemic nature of the atherosclerotic process. In an analysis of 1779 patients, 14.7% have 50% or greater stenosis and 6.3% have 75% or greater carotid artery stenosis. Carotid artery stenosis greater than 50%, redo surgery, peripheral vascular disease, longer pump time, and hypercholesterolemia were found to be independently associated with an increased risk of stroke and mortality. 13 ) D'Agostino, et al assessed the incidence and risk factors for stroke in 1835 patients undergoing CABG and found that carotid stenosis >50% was a risk factor in this population. 14) Salasidis, et al found that the incidence of postoperative neurologic events in patients with severe carotid disease (>80% stenosis) was 18.2% and 1.7% in patients without severe carotid disease. 15) Thus an important number of patients undergoing CABG may require carotid artery intervention.
Coronary artery bypass grafting has been demonstrated to have long-term survival and event-free advantages over medical treatment and PTCA for most patients with coronary artery disease. [16] [17] [18] The efficacy of carotid endarterectomy for patients with either symptomatic or asymptomatic carotid stenosis is an another issue. The North American Symptomatic Carotid Endarterectomy Trial (NASCET) and European Carotid Surgery Trialists' (ECST) both showed that carotid endarterectomy had a beneficial effect in symptomatic patients with 70%-99% carotid stenosis. 9, 19) The Asymptomatic Carotid Atherosclerosis Study (ACAS) has demonstrated that surgery is beneficial for the reduction of total ipsilateral neurologic events in patients with 60% carotid stenosis from 18% to 7% over 5 years. 8) Because the benefit of CEA in both symptomatic and asymptomatic patients has been well defined, and because severe carotid artery stenosis will be encountered in an important number of coronary artery patients, carotid artery surgery cannot be ignored in these patients. The proper timing of carotid artery surgery should be defined.
When surgical treatment of concurrent carotid and coronary artery disease is planned, the procedures can be done in either a combined or staged fashion. The optimal management of these patients is controversial. The superiority of one approach has not been established by prospective trial and remains controversial. Some investigators have reported satisfactory results for combined carotid and coronary surgery. [20] [21] [22] However, others using a staged CEA and CABG have obtained equivalent or superior results. [23] [24] [25] We initially preferred a staged procedure in a few patients but as we have gained more experience we tend to perform both procedures during the same operation.
Central nervous system risk is significantly increased when the reversestaged procedure is used, wherein the coronary artery bypass precedes the CEA. Hertzer, et al found a much higher risk of stroke when CEA followed rather than preceded coronary artery bypass; however, the mortality rates were similar. 26) Cerebral revascularization should precede coronary revascularization. CABG may be performed prior to CEA in truly emergent, unstable coronary artery bypass patients with critical coronary disease and elective carotid disease.
If the combined procedure does indeed result in a higher risk of stroke or death, there are several possible reasons. One reason may be that the combined procedures are more technically difficult, from both a surgical and an anesthetic point of view, resulting in more perioperative complications. Another reason may be that combined operations result in excessive stress on the cardiovascular and cerebrovascular systems, resulting in large fluctuations in patient hemodynamics during relatively long operative procedures. Although the perioperative myocardial infarction rate was slightly higher in our CABG patients than in those undergoing only CABG, there were marked differences in the severity of the arterial pathology and in the risk factors that could account for this.
On the other hand the presence of severe disease in one arterial system poses an important threat to the patient with combined diseases if an operation addresses only the disease in the other system. The major contribution of coronary artery disease to the short-term risks of carotid endarterectomy has been well established.
6) Also, Hertzer and Arison have documented that the greatest longterm risk to all carotid patients is the risk of myocardial infarction, the principal cause of death in this population. 27) Angiographically normal coronary anatomy was detected in only 9% of patients undergoing carotid endarterectomy, whereas 26% were found to have severe coronary artery disease. 28) Clearly, coronary artery disease, an extremely common coexistent disease process, poses important short-term and long-term risks to patients with carotid artery stenosis.
Stroke is an important complication of coronary artery bypass grafting and the incidence is rising. Reed, et al found that the presence of carotid bruits increased the risk of stroke 3.9 fold after coronary artery bypass grafting. 29) Faggioli and colleagues preoperatively evaluated 539 coronary bypass patients with no symptoms of carotid ischemia using noninvasive methods. In patients more than 60 years of age with greater than 75% carotid stenosis the stroke rate was 15%, compared with 0.6% in patients of the same age but with no evidence of carotid disease. Also, of the 19 patients with greater than 75% carotid stenosis who had prophylactic endarterectomy, none suffered perioperative strokes compared with 4 (14.3%) of the 28 patients who had greater than 75% carotid stenosis but who did not have endarterectomy.
1) Brenner and colleagues evaluated 4047 cardiac surgical patients and reported a 9.2% rate of stroke or transient ischemic attacks in patients with asymptomatic carotid stenoses compared with 1.3% for patients with no carotid stenosis. 30) In a study by Hertzer, et al 129 unstable coronary bypass patients with unilateral, asymptomatic carotid lesions were prospectively randomized to receive either combined operations or CABG alone followed by delayed endarterectomy. The risk of stroke was 2.8% for the combined operations, whereas that for patients in whom delayed CEA was performed within 2 weeks was 14.4% (6.9% at the time of coronary grafting and 7.5% at the time of delayed carotid operation). 26) Brenner, et al examined the issue of combined and staged CABG / CEA. They demonstrated that staged procedures may result in a higher risk of myocardial infarction, particularly in the perioperative period of the carotid operation, with no difference in stroke rates. Indeed they found a very high incidence of stroke in patients undergoing such "reverse-staged" procedures. 31) The combined stroke and mortality rate was about 8% in our patients selected for combined CEA and CABG on the basis of our criteria. Our in-hospi-Vol 42 No 5 tal results with concomitant carotid and coronary operations are comparable to those of other results published during the last ten years (Table V) . Our surgical principles are summarized below:
• We used a 2-team technique and repaired carotid lesions before the institution of CPB.
• Electroencephalographic monitoring during the carotid endarterectomy was used in all patients.
• Head placement was strictly monitored to prevent compromise of the collateral blood supply.
• During carotid endarterectomy blood pressure and cardiac rhythm were continuously monitored to prevent low perfusion pressure (mean arterial pressure≥80 mmHg, systolic arterial pressure≥140 mmHg).
• Changes in the electroencephalogram pattern after cross clamping that did not respond to an increase in the mean arterial pressure were considered indications for intraluminal shunting.
• Heparin was not reversed after completion of the CEA and the neck incision was left open until heparin reversal after CPB. • Patients were cooled to a rectal temperature of 28°C during CPB.
• During CPB mean systemic arterial pressure was maintained around 70 mmHg • Distal and proximal anastomoses were performed under a single period of cross clamping if there appeared to be severe atherosclerosis of the ascending aorta.
• Dextran 40 (20 ml/h) was given during the early postoperative period.
The management of coronary artery patients with carotid stenosis between 50-70% is still not clear. Some investigators stated that perioperative stroke risk was 10% for untreated stenoses between 50% and 80%. 15, 39, 40) Some groups have claimed that carotid lesions less than or equal to 70% in asymptomatic patients do not increase the incidence of a perioperative neurologic event and do not indicate the need for a combined procedure. 1, 2) Prospective randomized trials need to determine which groups of patients with carotid artery stenosis less than 70% will benefit from combined procedures.
In conclusion, carotid endarterectomy and coronary artery bypass grafting are each appropriate treatments for carotid and coronary disease. Important concurrent carotid artery disease should be suspected in cardiac surgical patients, especially the aged. An aggressive system of screening should be undertaken. Both diseases pose an important adverse risk during operations that address only one of the lesions. Previously published reports and our study show that combined CABG and carotid endarterectomy are performed in higher-risk populations. Our results support the performance of concomitant carotid endarterectomy and coronary artery bypass grafting is the preferred approach in this high-risk population with severe coexistent disease. This strategy also reduces the shortterm risk of treatment of either disease alone and the cost of subsequent hospitalization required for a second operation.
